Understanding older adults' attitudes toward robots has become increasingly important as robots have been introduced in various settings, such as retirement homes. We investigated whether there are age differences in both implicit and explicit attitudes toward robots after interacting with an assistive robot. Twenty-four younger and 24 older adults were recruited. Explicit attitudes were measured by self-reported questionnaires both before and after interacting with the robot. State curiosity toward robots was also measured as a momentary form of explicit attitude. Implicit attitude was measured via an implicit association test. Our results showed that (1) both older and younger adults had more positive explicit attitudes toward robots after interaction; (2) older adults had lower state curiosity than younger adults, however, their state curiosity would be up to the same level as younger adults when they perceived the robot with higher levels of personal association; and (3) the implicit association between robots and negative words was stronger for older adults than younger adults, suggesting that older adults had more implicit negative attitude toward robots. The results suggest that, despite older adults' relatively more negative implicit attitude toward robots, personally relevant positive experiences could help improve their explicit attitudes toward robots. suling@g.ntu.edu.tw. Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. 
Age Differences in Attitudes toward Robots 9:3 to use after interacting with it [12] . However, previous studies usually measured older adults' attitudes without comparing with other age groups such as younger adults. Thus, it is still unclear whether there is an age difference in explicit attitudes after successfully interacting with robots.
The first goal of the current study was to compare changes in explicit attitudes toward robots across different age groups after human-robot interaction. It is known that demographic factors such as gender, culture, and education level would affect older adults' acceptance toward robots [13] [14] [15] . Bartneck et al. [15] compared participants' acceptance toward robots and found that participants from the United States had more positive attitudes than participants from other countries (e.g., Japan, Mexico). However, they did not find age effect in their study, probably due to around half of their participants (N = 467) were recruited through online communities and might have a self-selection bias. We controlled participants' demographic factors between age groups to minimize the effects of these demographic factors. We also asked our participants to interact with the robot with specific tasks (e.g., ask the robot to dance). Experimenters assisted participants in completing these required tasks in 20 minutes to ensure that participants had similar interacting experience and duration.
Studies using questionnaires to measure older adults' explicit attitudes toward robots often reported inconsistent results [16] [17] [18] [19] . For example, Nomura et al. [15] showed that older adults did not show stronger negative attitudes toward robots; they even felt more friendliness toward robots than younger adults [17] . Ezer et al. [20] found that older adults were as willing as younger adults to have a robot to help with housework. Yet, Scopelliti et al. [18] showed that older adults were more fearful of having a robot at home compared to other age groups due to lower familiarity with technology. The discrepancy may be explained by individual differences in prior exposure to robots. Various studies [11, 15] asked participants to report their attitude toward robots based on their layperson perception. The source of impression formation may explain why some studies found negative while others found positive attitudes toward robots among older adults.
In the present study, instead of getting attitudinal ratings for individuals' general impression of robots or feelings toward a lab-based uncommercialized robot, we utilized a commercialized social robot that was designed specifically for human-robot interaction. Moreover, according to the selective engagement theory [21] , personal relevance is an important factor in older adults' decision-making process; that is, older adults tend to favor options that they feel personally connected to or meaningful. Thus, direct interactions may further enhance personal relevance, which has the potential of improving older adults' explicit attitudes toward the object of interest (i.e., robot).
In addition to the traditional measure of explicit attitudes toward technology, state curiosity is a promising subtype of explicit attitude that has not been well-explored. Curiosity can be defined as a person's willingness and desire to obtain information, which can be measured at both trait and state levels [22] . Trait curiosity reflects individuals' overall tendency to seek for novel information and experience (e.g., a person who is always curious versus a person who is seldom curious); state curiosity demonstrates individuals' momentary desire for information (e.g., a person who is curious now toward a particular object versus a person who is not curious toward the same object). In the current study, in addition to measuring one's general tendency to be curious (i.e., trait curiosity) as a control variable, we focused on state curiosity, which allows us to capture individuals' information seeking desire toward a particular object, such as a robot, at a given moment. Such motivational desire is predictive of future initiation of learning, engagement, and acceptance of the robot, which makes curiosity unique from other measures of explicit attitudes. However, previous studies rarely examined age difference in curiosity toward technology. Our second goal in the current study was to investigate age difference in state curiosity toward robots, which could be conceptualized as state manifestation of individual's explicit attitude.
Preference of robot over human (or vice versa) may be different based on preferred functions. Smarr et al. [23] found that older adults preferred robot assistance over human assistance for chores, object manipulation, and information management (e.g., doing laundry, opening and closing doors/drawers, reminder of appointments) Yet, they preferred human assistance over robot assistance for personal care activities (e.g., taking a bath, shaving, washing/combing hair) Adopting the view that preference for robots may be inconsistent due to functions, it is possible that older adults may, in general, have more negative attitudes toward robots but evaluate robots as good for certain tasks or purposes (e.g., robots for navigation in an exhibition). Rydell and McConnell [24] also showed that explicit attitude could be rapidly shaped by explicit intention while the change in implicit attitude required repeated pairing between attitude toward robots and evaluation over time. Therefore, it is possible that explicit attitude reflects impressions toward robots with specific functions (e.g., robots for navigation), while implicit attitude reflects general attitudes (e.g., positive/negative impression) toward robots regardless of their functions, which might be more stable than explicit attitude. Measuring individuals' implicit attitude could bring more insights unobtainable by explicit measures. It could be helpful to see the big picture of individuals' attitudes toward robots.
Indeed, implicit methods for measuring negative attitude could reveal additional information beyond what is provided by explicit methods. MacDorman et al. [25] investigated whether culture would affect people's implicit attitude toward robots via comparing attitudes toward robots among faculty members of an American and a Japanese university. Despite the failure to find any cultural difference, their results revealed an interesting aspect of the dissociation of explicit and implicit attitudes. Although both American and Japanese participants explicitly rated people as more threatening than robots, implicit measures suggested that they associated weapons with robots more than humans. They also found that older participants (above age 43.9) associated robots with weapons more strongly than younger participants, suggesting that older participants implicitly felt that robots were more threatening than people. Following this, it is thus likely that older adults would associate robots with negative emotion to a greater extent than younger adults. However, MacDorman and colleagues aimed to examine cultural differences in their study based on the hypothesis that the Japanese participants should have more experiences with robots, because robots contributed in many domains (e.g., manufacturing, healthcare, and entertainment) of the Japanese society. Since the primary focus of MacDorman et al. was to examine cultural difference, they did not control for participants' age [25] . Yet, it is possible that age affects implicit attitude toward robots. Hence, the third goal of the present study was to examine whether older adults showed more negative implicit attitude toward robots compared to younger adults.
In summary, the current study had three main goals. First, we aimed to compare the change in explicit attitudes toward robots between younger and older adults as a result of interacting with the robot. We hypothesized that explicit attitudes toward robots would be rapidly improved if participants could successfully interact with the robot, and we expected that older and younger adults would show the same pattern of attitude change. In other words, we expected that there should be a main effect of pretest-posttest difference, but no age difference. Second, we aimed to investigate age difference in state curiosity toward robots after interacting with the robot. According to the selective engagement theory [21] , older adults tend to be more selective (i.e., in terms of how they allocate their cognitive resources) based on personal relevance, and evidence has indeed shown that curiosity or information seeking behaviors tend to decline with age [26] . Priniski and colleagues [27] suggested that there are three levels of personal relevance, namely personal association, personal usefulness, and personal identification. Personal association is the perception that something is connected to self in some way; personal usefulness is the perception that something can help oneself to achieve one's goal; identification is defined as the incorporation of something in one's self identity. Among the three, personal association, perceiving some links between the object of interest and oneself, was indicated as the easiest to be manipulated. Hence, if older adults become more selective in whether they want to learn a particular technology based on personal association, robot design should manipulate personal association to increase technology acceptance. Taken together, measuring older adults' curiosity could capture their information seeking desire toward robots, which is predictive of acceptance of robots. And this desire could be modulated by personal association: Higher personal association could enhance individual's curiosity toward robots and consequently enhance the acceptance of robots. Accordingly, we predicted that older adults might be less curious about robots than younger adults, and this age difference could be moderated by personal association. Since we were interested in the association between individuals' curiosity and perceived personal association at a given moment instead of the change of curiosity due to direct interaction, we only measured curiosity in the posttest. Third, we aimed to test whether older adults would display more negative implicit attitude toward robots in comparison to their younger counterparts. We hypothesized that older adults would have stronger negative implicit attitude than younger adults, and this age effect would persist over time since implicit attitude is more stable and thus changes slowly. There should be no differences in implicit attitude before and after interacting with the robot; thereby, we measured participants' implicit attitude in the posttest.
To examine our hypotheses, we first measured both older and younger participants' explicit attitudes toward robots before and after interacting with robots via inventories. By doing this, we examined whether direct interaction with robots changed participants' attitudes toward robots or not. Then, we measured curiosity and applied an implicit association test (IAT) in the posttest to examine whether older adults showed a lower level of state curiosity and more negative implicit attitude toward robots compared to younger adults.
PARTICIPANTS AND METHODS

Participants
This study was approved by the research ethics committee of National Taiwan University (REC code: 201706HS062). Since we aimed to compare attitudes toward robots between younger and older adults, we intentionally recruited participants from different age populations. We recruited college students as the younger participants. For older participants, we followed the United Nations' age cutoff of later adulthood, which starts from age 60 [28] . We recruited people who were at or above 60 years old. One of the older participants was 59 years old when he/she participated in the present study. However, he/she was only a few days away from becoming 60, therefore we still included his/her data in the present study. Twenty-four younger adults (M age : 21.46, range = 20 to 24 years; half male and half female) and 24 older adults (M age : 66.63, range = 59 to 86 years; half male and half female) were recruited from the campus or the neighborhood of National Taiwan University. The detailed demographic information appears in Table 1 . All participants were relatively well-educated and healthy (i.e., without neuropsychological disorder) and had normal or corrected-to-normal vision. Gender and education level between two age groups were matched.
The Assistive Robot
We used the Zenbo robot ( Figure 1 ) to interact with our participants. Zenbo is an assistive robot with an anthropomorphic face currently available on the market, designed by AsusTek Computer a Data are presented as mean ± SD. Fig. 1 . Zenbo Home Robot that shows a shy expression, which was one of the 12 interactions experienced by the participants when they interacted with Zenbo. Tell a story to the participant Photo "I want to take a selfie." Take a picture of the participant Inc. to help people do daily chores such as making calls, searching online information, and reminding someone to take medication on time. Other functions related to education, entertainment, and health care are also embedded. To examine the effect of human-robot interaction, we specified 12 main functions of Zenbo for participants to experience ( Table 2 ). We will address Zenbo as the assistive robot from this point onward for simplicity.
Explicit Attitude Measures
Several inventories were used in the present study to measure explicit attitudes toward robots, including the Negative Attitudes toward Robots Scale (NARS) [29] , the Technology Acceptance Model (TAM) [30, 31] and the Subjective Technology Adaptivity Inventory (STAI) [32] . We also measured participants' state curiosity toward robots [33] as an additional explicit measure of attitude. Trait curiosity [22] was measured in addition as a control variable. We translated these inventories into Chinese for our participants. NARS was used to measure participants' negative attitudes toward robots [16] and included 11 items with 5-point Likert scales. There were three subscales [34] : future/social influence (FSI, 3 items, score range: 3-15), relational attitudes (RA, 5 items, score range: 5-25), and actual interactions and situations (AIS, 3 items, score range: 3-15). Higher NARS scores represent a stronger negative attitude toward robots. Based on the result of NARS, we could explain how people view and evaluate robots before and after their interaction with the assistive robot (pretest: α = .78; posttest: α = .76).
TAM is a model proposed by Davis [30] that has been widely used to assess people's acceptance toward technology products [30, 31] . It includes in total 10 items with a 5-point Likert scale. Since we were interested in what role an assistive robot could play in people's everyday lives, we adopted TAM2 [35] to examine participants' ratings because of its higher validity and reliability. The chosen factors were (1) STAI is a 5-point, 12-item inventory designed to estimate the adaptivity of technology specifically for older adults [32] . It contains three subscales (4 items in each subscale, score range: 4-20) for investigating different domains of adaptivity: (1) perceived adaptivity utility (PAU), (2) technology-related goal-engagement (TGE), and (3) perceived safety of technology (PST). Higher STAI scores represent higher adaptivity of technology. Based on these results, we could understand the behavioral and mental competence when people face new environmental and technological demands (pretest: α = .83; posttest: α = .83).
State curiosity toward robots is a 7-point, 3-item measure with a score range of 3 to 21 [33] . It was originally designed to measure curiosity toward sports in general, but we adjusted the items in order to fit the purpose of this study (i.e., replacing "this sport" with "this robot"). These items included "How curious do you feel about this robot?", "How likely would you be to spend time watching a video that introduces this robot?", and "How much do you want to know about this robot?" The reliability was good (α = .88). Trait curiosity was a 7-point, 7-item measure with a score range of 7 to 49 [22] . The reliability was below standard (α = .66), but we kept the measure since it was used as a control variable only. Unique from the other explicit attitudinal measures, state curiosity toward robots offers a more direct way to capture the subtle difference in technology-related intentions between younger and older adults. By controlling for the trait curiosity, we eliminated the effect of age-related curiosity mean differences. Finally, we measured personal association using a 5-point, single item (i.e., "To what extent do you think the robot is similar to you?") in order to address the second goal of this study.
Implicit Attitude Measure
The IAT measures the strength of implicit associations between a concept and attributions (e.g., a category as positive or negative) using participants' reaction times [36] . This measure gives us the opportunity to compare participants' automatic evaluative associations of two target concepts (e.g., robot vs. human) along an attribute dimension (e.g., negative vs. positive emotions) based on participants' reaction time in the combined categorization task: Shorter reaction time represents stronger association between target concept and attribute dimension. It could avoid social desirability since participants are asked to respond as fast as possible in categorization tasks without knowing the purpose of the test.
We adopted the IAT to measure participants' implicit attitude toward robots compared to that toward humans. We hypothesized that older adults would have a more negative attitude toward robots than toward humans. Hence, we used five silhouettes of humanoid robots to represent the target concept "robot" and five silhouettes of humans to represent the target concept "human." The self-made robot and human silhouettes (Figure 2 (a) and 2(b)) were made in the same way as in MacDorman et al.'s study, which compared implicit attitude toward robots for participants in the U.S. and Japan [25] . Five positive (ecstasy, surprise, satisfaction, happiness, and trust) and five negative words (abuse, resentment, hate, abandoned, and fear; Figure 2 (c)) were used for the attribute dimension of attitude toward robots. These words were chosen based on the Ministry of Education word frequency database in Taiwan. We first chose 20 of the most frequently used positive/negative words from the database and asked eight additional participants (excluded from the main analyses) to rate the affective level of these words at a 7-point scale (i.e., "how positive/negative is the word?"; range = −3 to 3, negative values represent negative words and vice versa). Five positive and five negative words with highest rating scores were chosen as our experimental materials. These words might also reflect certain positive and negative feelings that a care-receiver may experience when interacting with a caregiver [18] , which helps us to understand whether older adults associate such experiences with robots or humans. If participants had stronger association between robots and negative words than humans and negative words, we would expect to observe a faster response when the robot-negative pairs were presented compared to the human-negative pairs.
The procedure of the IAT we used in the present study (five stages included) was adopted from Nosek et al.'s (2007) work. Stage 1 (20 trials) was the initial target concept discrimination task used to ensure that participants were familiar with the two categories. The silhouettes of robots or humans were presented in a random sequence and categorized by designated keys on the left or right side of the keyboard (e.g., left "E" key for the response of "robot", and right "I" key for the response of "human"). The silhouettes were presented until responses were made. Stage 2 (20 trials) was the associated attribute discrimination task used to practice the categorization of attributes (negative words versus positive words). Participants categorized negative words and positive words by pressing designated keys (e.g., left "E" key for negative words, and right "I" key for positive words). Stage 3 was the first critical phase for compatible combinations. Items representing the concept robot and negative words were categorized with one response and items representing human and positive words were categorized with the alternative response (e.g., left "E" key for humans and positive words, and right "I" key for robots and negative words). Stage 3 consisted of two blocks. Block 1 consisted of only 20 trials because it served as the practice section of Stage 3, but block 2 consisted of 40 trials. Stage 4 was the reversed target discrimination task; responses to target concepts were reversed (e.g., left "E" key for humans, right "I" for robots). Stage 5 was the second critical phase for incompatible combinations. Participants categorized between negative word and human pairings versus positive word and robot pairings (e.g., left "E" key for negative-human pairing and right "I" key for positive-robot pairings). Same as the first critical phase (Stage 3), Stage 5 contained two blocks: 20 trials in block 1 and 40 trials in block 2. And the first block also served as a practice section. The sequence of which pairing was presented and associated with the designated key on the left or right side of the keyboard was counterbalanced across participants.
We also adopted Cohen's d as the index of implicit attitude toward robots, named as the D1 score. Cohen's d was a widely used index of effect size, which was a reference of power in statistical inference. D1 score was calculated by participants' mean reaction time of block 2 at Stage 3 subtracted from that of block 2 at Stage 5, and the difference was further divided by the combined standard deviation of the two critical stages [37] .
Procedure
After understanding the procedure of the experiment, all participants gave written informed consent. Participants were required to fill in the basic information form, NARS, TAM, and STAI in the pretest. After the pretest, participants were instructed to interact with the assistive robot based on the 12 commands listed in Table 2 . NARS, TAM, and STAI were filled again as the posttest. Participants also completed the questions of state and trait curiosity after interacting with the assistive robots. In the end, participants were instructed to perform the IAT.
RESULTS AND DISCUSSION
NARS
We performed two-way mixed analysis of variance (ANOVA, within-subject factor: pre-interaction versus post-interaction; between-subject factor: younger versus older adults) on the three subscales of NARS separately. For the FIS subscale (Figure 3(a) ), there was a marginally significant effect of interacting experience, F(1, 46) = 3.85, p = .056, ηp 2 = .077. The main effect of age was not significant, F(1, 46) = .54, p = .468, ηp 2 = .012. The interaction between age and interacting experience was not significant, either, F(1, 46) = .08, p = .781, ηp 2 = .002. For the RA subscale (Figure 3(b) ), a significant main effect of interacting experience was observed, F(1, 46) = 13.51, p < .01, ηp 2 = .227, but not the main effect of age, F(1, 46) = .190, p = .662, ηp 2 = .004. There was no significant interaction between age and interacting experience, F(1, 46) = .050, p = .825, ηp 2 = .001. For the AIS subscale, the main effects of both interacting experience (F(1, 46) = .685, p = 0.412, ηp 2 = .015) and age (F(1, 46) = .027, p = .870, ηp 2 = .001) were not significant. There was no significant interaction of age and interacting experience, F(1, 46) = .027, p = .869, ηp 2 = .001.
The RA subscale measured participants' negative attitude toward interacting with robots having emotion (e.g., "I feel comforted being with robots that have emotion.") and the FSI subscale measured participants' negative attitudes for possible future influence of robots (e.g., "I feel that if I depend on robots too much, something bad might happen."). Comparing the two NARS subscales before (FSI: M = 8.35, SD = 2.42; RA: M = 13.2, SD = 3.02) and after (FSI: M = 7.77, SD = 2.35; RA: M = 11.8, SD = 2.78) interacting with the assistive robot, the results showed that negative attitudes toward robots for both younger and older participants decreased after interacting with the assistive robot.
TAM
We performed two-way mixed ANOVAs (within-subject factor: pre-interaction versus postinteraction; between-subject factor: younger versus older) on the three subscales scores of TAM separately as we did for NARS scores. There was a significant main effect of age, F(1, 46) = 4.84, p < .05, ηp 2 = .095 in the PEU subscale (Figure 4) , suggesting that the PEU subscale scores of the older participants were significantly higher than younger participants. This effect implies that older participants' perceived ease of use for the assistive robot was higher than younger participants, both before (older adults: M = 15.0, SD = 2.46; younger adults: M = 14.1, SD = 2.13) and after (older adults: M = 15.3, SD = 1.88; younger adults: M = 13.6, SD = 2.55) interacting with the assistive robot. The main effects of interacting experience (F(1, 46) = .07, p = .800, ηp 2 = .001), and interaction of age and interacting experience (F(1, 46) = 1.63, p = .208, ηp 2 = .034) were not significant. In the PU subscale, there were no significant main effects of both age (F(1, 46) = .172, p = .681, ηp 2 = .004) and interacting experience (F(1, 46) = .388, p = .537, ηp 2 = .008), and no significant interaction between age and interacting experience, F(1, 46) = 2.531, p = .118, ηp 2 = .052. In the IU subscale, there were no significant main effects of age (F(1, 46) = .082, p = .776, ηp 2 = .002) and interacting experience (F(1, 46) = 1.686, p = .201, ηp 2 = .036), and no interaction between age and interacting experience, F(1, 46) = 1.128, p = .294, ηp 2 = .024.
STAI
We performed two-way mixed ANOVAs (within-subject factor: pre-interaction versus postinteraction; between-subject factor: younger versus older) on the three subscales scores of STAI. We found a significant main effect of interacting experience ( Figure 5 ) in the PST subscales, F(1, 46) = 4.82, p < .05, ηp 2 = .095. However, both the main effect of age (F(1, 46) = 1.49, p = .229, ηp 2 = .031) and the interaction effect (F(1, 46) = .43, p = .517, ηp 2 = .009) were not significant. We also observed marginally significant effect of interacting experience in the TGE subscale, F(1, 46) = 4.03; p = .0505, ηp 2 = .081. And the main effect of age (F(1, 46) = .43, p = .514, ηp 2 = .009) and the interaction effect (F(1, 46) = .767, p = .386, ηp 2 = .016) were not significant. Both PST and TGE scores were higher after interacting with robots (before interaction, PST: M = 14.8, SD = 2.01; TGE: M = 15.5, SD = 2.84; after interaction, PST: M = 15.6, SD = 2.39; TGE: M = 16.3, SD = 2.11). The findings of increased TGE scores suggest that participants became more willing to learn how to use the assistive robot after interaction, and have stronger feelings that the assistive robot is safe and can be trusted after interaction. In the PAU subscale, the main effects of age (F(1, 46) = 1.52, p = 0.224, ηp 2 = .032) and interacting experience (F(1, 46) = 1.764, p = .193, ηp 2 = .036) were not significant. The interaction between age and interacting experience was not significant, either, F(1, 46) = .137, p = .713, ηp 2 = .003.
State Curiosity toward Robots
A one-way ANOVA was performed to test the age group difference in state curiosity toward robots. After controlling for the effects of sex, education, and trait curiosity, there was a significant age difference in state curiosity toward robots, F(1,41) = 4.30, p = .04, ηp 2 = .10. Pairwise comparison showed that older adults' level of state curiosity (M = 15.50; SD = 3.33) was significantly lower than younger adults (M = 16.92; SD = 3.56; Figure 6 ).
We then took personal association into account using multilevel linear regression. After controlling for sex, education, and trait curiosity, excluding one participant with extreme personal association score (score of 1), we found a significant overall fit by including age, personal association, and the interaction term, F(6, 38) = 7.42, MSE = 2.17, p < .001, R 2 = .54. Specifically, the interaction between age groups and personal association was significant, β = .43, SE = .76, p < .01. We conducted a simple slope analysis to examine age difference at different levels of personal association, and did a median split in order to categorize personal association into high (score 5 or above) versus low groups (score 4 or below). The simple slope analysis revealed that, among individuals who scored lower on personal association, there was a significant age group difference, mean difference (Older-Younger) = −3.60, SE = 1.04, p = .001, 95%CI = [−5.51,−1.51]. Yet, Fig. 6 . Age difference in state curiosity scores toward robots. Older participants' score (black bar) was significantly lower than younger participants' score (gray bar). Error bars represent one standard error from the mean. Fig. 7 . Age difference in the moderation effect of personal association on state curiosity toward robots. Age group difference was shown only among participants who reported lower personal association. Error bars represent one standard error from the mean.
among individuals who reported a higher personal association, there was no age group difference (Figure 7 ).
IAT
An independent-samples t-test showed that the average D1 score of the older participants (M = 0.64, SD = 0.35) was significantly higher than that of younger participants (M = 0.39, SD = 0.32; t(45.67) = 2.55, p < .05; see Figure 8 ). It suggests that older participants have more strongly associated robots with negative emotions than younger participants. That is, older participants generally have a more negative attitude toward robots than younger participants implicitly. Fig. 8 . The D1 scores of IAT. Older participants' D1 score (black bar) was higher than younger participants' (gray bar). Error bars represent one standard error from the mean. Older participants are more strongly associated robots with negative emotions than younger participants.
DISCUSSION
In the present study, we investigated (1) whether older adults' experience of interacting with robots would affect their explicit attitudes and/or acceptance toward robots compared to younger adults; (2) whether state curiosity toward robots differs between the two age groups; and (3) whether older adults implicitly hold more negative attitudes toward robots than younger adults. To address the first research question, we examined whether there exists an age difference in pretest-posttest explicit attitude ratings. We found age-related differences in TAM-PEU scores. Surprisingly, perceived ease of use toward the assistive robot was stronger in older adults than in younger adults, even after interacting with the robot. This might seem to be contradictory to the IAT results, suggesting that older adults more strongly associated robots with negative attributes. One possible explanation is that younger adults are more experienced with new technologies such as the voice control function. Their standard of "perceived ease of use" might, therefore, be higher than older adults'. For example, if the assistive robot could not respond to voice commands immediately, younger adults might become annoyed due to the long response latency. Then they might think that the usability of the assistive robot was not good. On the other hand, older adults might be less familiar with new technologies. Thus, once they found that they could communicate with the assistive robot with voice commands, even if the tasks were as simple as searching news on the Internet and it might take a while for the assistive robot to complete this task, it was still sufficient for older adults to be satisfied because they did not have to control the robot via the "complicated" graphical user interface. Previous studies suggested that technology experience influenced robot acceptance across age groups [20] . Perceived enjoyment also enhanced robot acceptance in older adults [10] . For older adults with lower technology familiarity, positive experience might be a key factor to the enhancement of robot acceptance. However, we did not observe other age-related differences in other explicit measures of NARS, TAM, and STAI, suggesting that the explicit attitudes and acceptance toward the assistive robot for the older and the younger participants were similar in many other aspects.
Our results showed that both older and younger adults' explicit attitudes became more positive after interacting with the assistive robot. The decreased NARS-FSI scores and the increased STAI-PST scores suggested that both younger and older adults were more willing to believe that robots would not have a bad influence on their daily life and could be trusted after interaction with the robot. These changes might result from the increased familiarity with the assistive robot after interacting with it. Such difference might also be related to the mere exposure effect; that is, as people receive repetitive exposure to a stimulus, they tend to develop a preference toward the stimulus simply due to familiarity [38] . It should be noted that the limitation of the mere exposure effect is constrained to stimuli that are initially perceived as pleasant or at least neutral [39] , and this, in turn, could also predict lower acceptance toward robots if the experience of interaction was not positive. In this study, we instructed participants to interact with the assistive robot with a pre-decided task list, and almost all individuals in both age groups could successfully complete the listed tasks. The interacting experience should be positive, or at least neutral; therefore, the increased familiarity of robots resulted in a stronger positive attitude toward robots.
NARS, TAM, and STAI are all commonly used models to analyze explicit attitudes toward technologies, but each model has its own distinctive features. TAM is widely used to study acceptance toward various technologies such as robots and computers across different age groups with excellent stability and reliability [7, 8, [10] [11] [12] [13] [14] . NARS focuses on investigating negative attitudes, particularly anxieties toward robots [34] and has also been applied to study older adults' attitudes toward robots [17] . STAI is designed to estimate the adaptivity of technology specifically for older adults [32] . In the present study, the age-related difference was found in the TAM-PEU subscale. Perhaps, TAM is more sensitive to probe age-related differences regarding the acceptance toward robots.
For our second research question, we first compared younger and older adults' state curiosity toward robots and found a significant difference: older adults appeared to be less curious about the robot than younger adults. We then examined the role of personal association and found a significant moderating effect. Our findings support our hypothesis that older adults were less curious than younger adults in general; yet, this age difference was moderated by personal association. In other words, for topics that older adults perceived as a higher level of personal meaning and relatedness, they would invest up to the same level of curiosity in the topic as would younger adults. At first glance, this finding on state curiosity may seem to be in conflict with the findings of our other explicit attitudinal measures (i.e., we found age difference in state curiosity but not in other acceptance measures except the TAM PEU subscale). However, the nature of curiosity is slightly different from mere acceptance in the sense that curiosity captures the willingness to invest energy and resources to obtain information. Hence, it may be seen as one step further from simple likes or dislikes, which may explain why the result differs from the other explicit attitudinal measures. According to the selective engagement theory [21] , people would become more selective in how they allocate their cognitive resources with age. It could be related to a well-supported fact that the older adults are less willing to learn technology via trail-and-error compared to other training methods such as reading a printed manual [40] . The Diffusion of Innovation theory [41] points out that trialability or testability are keys for potential adopters to evaluate an innovation, and it would predict that older adults are less likely to be early adopters of new technology (e.g., robots) compared to younger adults because older adults might be less willing to actually use it. However, the selection would be based on personal association. However, previous studies did not test this hypothesis in the context of willingness to allocate time and effort for technology-related information seeking. Thus, the present study offers some insights into the usefulness of the selective engagement theory in the context of technology-related curiosity. This part of the study has the limitation of measuring personal association with a single item. Also, this study cannot provide evidence for causation. Future studies should consider including a more comprehensive scale to capture curiosity or directly manipulate one's personal association for a technological product in an experiment. Despite these limitations, this finding is particularly interesting because it suggests the role of personal association on curiosity, and this has vast implications for future robotic designs, adult education, and other services to older adults. Echoing the findings of other explicit attitude measures, we recommend future designers of services dedicated for older adults to include some elements of personal association/relevance (i.e., personalized familiarity or relatedness).
To address the third research question, we compared the D1 score between older and younger adults in IAT. We found that older adults more likely associated robots with negative words. The results of the present study are significant in two aspects: (1) MacDorman and colleagues previously found that older adults associated robots with weapons more strongly than younger adults in IAT [25] . Our results further suggest that older adults tended to associate robots with negative concepts to a greater extent than younger adults in IAT, suggesting that older adults showed stronger negative attitudes toward robots than younger adults. Also, MacDorman et al.'s study mainly focused on comparing whether cultural differences would affect attitudes toward robots. Therefore, to the best of our knowledge, the present study was the first one aimed to examine the effect of age on implicit attitudes toward robots. (2) Our results showed an age difference in the discrepancy between implicit and explicit attitudes. While explicit measures suggested that older adults did not show more negative attitudes toward robots than younger adults, implicit measures suggested that older adults associated robots with a negative impression more strongly than younger adults.
At first, this finding seemed to contradict the results of explicit measures using questionnaires, which suggested that older adults did not show stronger negative attitudes than younger adults. The discrepancy might result from implicit and explicit attitudes being shaped by different processes [24] . Rydell and McConnell suggested that explicit attitudes, which adopt a fast-changing process, were affected by explicit goals and predicted more deliberate behavioral intentions. On the other hand, implicit attitudes, which predict spontaneous behaviors, were shaped by repeated pairings between target objects and related evaluations. Furthermore, the process of shaping implicit attitudes could be slower than explicit attitudes. In the present study, the experience of interaction was shown to change explicit attitudes toward robots. However, changing implicit attitudes might require more time. Perhaps, with sufficient counter information, it is possible to change the stronger negative attitudes of the older adults toward robots. In the case of human-robot interaction, direct interaction with real robots could serve as the counter information. That is, if older adults have a more positive experience of interacting with robots, then implicit negative attitudes may also be modified.
Limitations and Future Directions
The present study aimed to examine differences in attitudes toward robots across age groups; younger participants were recruited from the neighborhood of the university campus and were all college students. However, recruiting college students as younger participants also narrowed down the age range of the younger adults to only 4 years (i.e., 20-24 years) while the age range of the older adults was much larger than the younger adults (i.e., 59-86 years). In addition, the younger adults in the present study might only be representative of college students but not others (e.g., kids, teenagers, middle-aged adults) and might reduce the generalizability of the present study. Future research may recruit participants from a broader range of age to examine whether our findings can be applied across various age groups.
Unlike other explicit measures, IAT and state curiosity were only measured in the posttest. In our preliminary study, we tested if implicit attitude toward robots could be changed after interacting with the assistive robot. The results showed that there was no difference between pretest and posttest in IAT. It was in accordance with the slower shaping of implicit attitudes compared to explicit attitudes as previous research suggested [24] . Therefore, we decided to ask participants to perform IAT only after interacting with the assistive robot to simplify the procedures in the present study. However, since state curiosity was measured as a momentary form of explicit attitude, it is hard to clarify whether the age difference in state curiosity was affected by the interacting experience or not. Future research is warranted to investigate whether there is an interaction effect between age difference in state curiosity and interacting experience.
Another limitation of the IAT paradigm used in the present study is that it compared relative strengths of pairs of associations (e.g., negative-robot vs. negative-human pairings) by measuring the speed of response. It could not measure the strength of a single association (e.g., negativerobot). It would be interesting to apply modified IAT paradigms such as the Single Category Implicit Association Test (SC-IAT) [42] to measure the strength of a single association between different age groups. Moreover, the speed of response could be affected by various factors and thus we adopted IAT D1 score as the index of effect size rather than directly comparing the response latency between two age groups in the present study. Because IAT has been shown to be a reliable measure for implicit attitude [43] , especially when individuals are unaware of the sources of influence on their behaviors [44] , we used IAT in the current study to measure implicit negative impression toward robots in general and adopted silhouettes as stimuli based on MacDorman et al.'s study [25] . However, appearance of robots in the IAT might have influences on participants' implicit attitudes. Future studies may try to modify the IAT paradigm to test this possibility.
In addition, we examined the effect of interaction experience on explicit and implicit attitudes in a relatively short period of time; thereby, it was hard to examine changes in implicit attitudes with the cross-sectional design used in this study. Future researches with a longitudinal design could help clarify whether sufficient interacting experience (e.g., using a robot for a longer period of time) could actually change implicit attitudes.
Finally, we provided a task list for adults to interact with a robot, but actual interactions with robots are likely to be less standardized and more variable. Future research should focus on how to bring positive experience into human-robot interaction when people interact with social robots such as the assistive one we used here.
CONCLUSIONS
Our results showed that implicit attitudes toward robots were more negative in older adults than in younger adults. Nevertheless, older adults' explicit attitudes toward robots could become more positive as could younger adults if (1) they could successfully interact with the robot and (2) they felt more personal relevance to the robot. Previous studies have pointed out that the key component of user intention is users' attitude toward the product, and the intention to use is a prerequisite for eventual product adoption/rejection [3, 35] . Hence, positive attitudes toward robots could be helpful for enhancing the acceptance of robots. The present study suggests that personally relevant positive interactive experiences are the key to enhancing human-robot interaction, especially for older adults. To introduce robots within the care home setting to provide assistance for older adults, understanding how to enhance older adults' acceptance of robots is very important [2, [9] [10] [11] [12] [13] [14] 18] . First, when designing home assistive robots, designers should consider including elements of personal relevance, for example, allowing customized designs and settings; thereby, users could build customized robots highly relevant to themselves. Second, since the interacting experience is one of the key factors to enhance the acceptance toward robots, policymakers should consider emplacing robots in public areas for demonstrations to allow the general public to have more opportunity to interact with robots. As implicit attitudes could be shaped by accumulated experience, older adults' stronger negative implicit attitudes toward robots could be reduced via increasing opportunities for older adults to interact with robots.
